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ABSTRACT 

The three TIROS Meteorological Satellites containing te levis ion 

8nd S O h r  8nd thermal radiation-detecting instruments have yielded 

8 V 8 S t  quantity of meteorological and geophysical information on 

the ea r th  and i ts  atmosphere over the past  year and one half.  

numbers of photogr8phs have revealed the unexpected extent of the 

organization of cloud systems over the earth. 

with tornados, with mountains and with hurricanes have been brought 

under observation by the sa t e l l i t e s .  The radiation detectors have 

provided maps of the d is t r ibu t ion  of radiation, both ref lected and 

thermal, over large areas and, i n  addition t o  providing knowledge 

of the d is t r ibu t ion  of the energy balance have permitted the 

estimation of cloud heights and temperatures. 

Large 

Clouds associated 

The analysis and interpretat ion of the staggering amount of 

information tha t  has been acquired is  a continuing task. 
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The preparation of t h i s  paper and the  scope of the  TIROS Project  

activit ies have required tha t  the author draw extensively on the work 

of many of h i s  colleagues and fellow par t ic ipants  i n  the Meteorological 

S a t e l l i t e  Program. 

co-workers f o r  the so la r  and thermal radiat ion maps and many discussions 

on the data. 

United S ta tes  Weather Bureau kindly furnished the Hurricane Anna 

nephanalyses of f igures  5 and 6. 

He i s  especially indebted t o  Dr. R. Hand and h i s  

The Meteorological S a t e l l i t e  Laboratory s t a f f  of the 

The many sc i en t i s t s ,  engineers, and technicians who prepared 

the satell i tes and launched the rockets are an unidentified but very 

real par t  of t h i s  paper. 



INTRODUCTION: 

There have been three gelevision and s f r a  ged gbservations S t e l l i t e s  

(TIROS) launched during the pas t  two years for  the  purpose of making meteor- 

ological  observations of the earth. 

log ica l  point in the program t o  assess it  a8 an experiment i n  our s tudies  

of the atmosphere and i ts  motions. 

have varied in d e t a i l s  and in degrees of success; the usual d i f f i c u l t i e s  

the experimental physicis t  encounters, exaggerated by the unusual laboratory 

in which he is conducting the experiments. 

Four more are planned. This is a 

In addition, the individual satellites 

The value of satellites as an observational too l  has been long recog- 

nized by the geophysicist, and discussed in the  l i t e r a t u r e  (1, 2, 3), But 

the technology of launch vehicles, telemetry and other prac t ica l  considera- 

t ions  have only recently permitted the real izat ions of these ideas. 

satellite brings t o  the geophysicist s i m l t m c o u s  observations of large 

areas of the earth,  of regions that he cannot practicallg put under observa- 

t ion by any other technique, and provides him an en t i r e ly  new view of the 

ear th  -- as a planet, 

The 

The method of these axperbents  i s  exploratory; as ear ly  examples of the  

exploi ta t ion of a new technology they are obviously limited by the lack of 

knowledge of what parameters are best  mersured from the satellite and by 

the experimenter's a b i l i t y  t o  mrke the measurement -- h i s  lack of rdequate 

sensors. 

Since the clouds are v i s i b l e  manifestations of the thermodynamic process- 

es of the atmosphere and could be photographed by techniques rdaptable t o  
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2. 

the  satellite, they have been the f i r s t  atmospheric phenomenon brought 

under observation (4) from rockets and sa t e l l i t e s .  

ment has been t h a t  of the radiat ion reflected and emitted by the ear th  and 

i t s  atmosphere ( 5 ) .  The ear ly  rockets, Viking and Aerobee, and satellites, 

Vanguard I1 and Explorer V I I ,  measuremema, complunented by the continuing 

development of the launch vehicle technology l a id  the groundwork f o r  the 

TIROS system and convinced the experimenters t h a t  val id  and s igni f icant  

geophysical experimentation could be conducted from a satellite platform6 

The TIROS system may be considered as composed of four elements (a) 

A more refined measurc- 

the spacecraft  (or satellite) i t s e l f ,  (b) the launch vehicle, (c) the 

data acquis i t ion sites, and (d) the resu l t s  and t h e i r  u t i l i za t ion .  This 

paper addresses i t s e l f  primarily t o  the resu l t s  of the three satellites 

and the description and analysis of data  obtained. 

of the spacecraft and the sensory instruments; the launch vehicles, the 

Thor-l)elta rocket; and the data acquisition sites a t  Wallops Island, 

Virginia and Sm Nicholas Island, California are included fo r  log ica l  

reasons . 

Brief descriptions 
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The Spacecraft 

The TIROS satellite is a 285 pound pillbox, 42 inches in diameter, 

19 inches high, Cont8iQhg 8 complex of optical, sensory, electronic, and 

magnetic and mech8nic81 devices for the detection, storage 8nd transmission 

of the drtr 4nd for the control of these functions (6). 

the satellite and its major TV copaponente. 

experiments subsystem. *re are four sensory subsystems in the TIBOS 111 

satellite, 8 number which has v8ried somewhat from TIROS I, which had only 

the two vidicon c.mcr8 subsystems. 

cameras, e8ch crpable of photogrrphing 8 750 by 750 mile 8re8 when the 

s8tellite is viewing 8 eun-illmnin8ted 8re8 of the e8rth. 

Figure 1 shows 

Figure 2 shows the radiation 

These are the two, wide-angle vidicon 

The c m r 8  

char8cteristics 8re listed in T8ble I. 

Charrrcteristics of TIROS Camerrs 

TIROS I TIROS I1 
CAMERA1 2 CAMERA1 2 

F i e l d  of View 104' 1 2 . 7 O  104' 12.7' 

Lens Speed 811.5 811.8 811.5 811.8 

Shutter Speed 1.5 millisec 1.5 millisec 

Lines per Fr8me 500 5 00 

Video Band Width 62.5 kc 62.5 kc 

Resolution per Raster 
line, zero nrdir angle 1.5-2 mi. 1.2-0.5 mi. 8- 

TIROS I11 
CAMERA1 2 

104O 

8/1.5 

1,s millisec 

5 00 

62.5 kc 
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4. 

The five-ch8nnel scanning radiometer has been described elsewhere (7); 

the  spectral s e n s i t i v i t i e s  of the f i v e  sensors and of the other radiat ion 

detectors  are l i s t e d  in Table 11. 

TABU I1 

The Radiation Experbarits on tha TIROS Satellites 

Channel Purpose Spectral  Sensi t ivi ty  Field of V i e w  

1 Water Vapor 6.0 - 6.5 microns 5x5 degree 

2 Window 8 - 12 It I1  

3 Albedo 0.2 - 6.0 It I1  

4 T h e m 1  7.5 - 30 II 

5 "Vidicon" 0.55 - 0.75 'I 11 

Wida Field Cone 

a. Total (black) 35O 

b. Thermal (white) 35O 

Hemispheres 

a* Total (black) Disc of Earth 

bo Thermal (white) I1 

I n  addition t o  these sensors there  are the so la r -ce l l  Ni-CD bat tery 
\ 

power subsystem and the horizon sensor for a t t i t u d e  determination, the 

north indicator  fo r  picture  a z h t h  indication, and the magnetic orienta- 

t ion control  f o r  varying the coupling between the magnetic moment of the 

satellite md the ear th 's  magnetic f ie ld  ( 8 ) ,  
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5 .  

In a l l  the spacecraft have performed qui te  well. A sumnary of the 

present s t a t u s  of the satellites is given in Table 111. 

TABLE I11 

The Launch Vehicle: 

The T h O r - D e l t a ,  8 three-stage, liquid-liquid-solid vehicle hrs been 

used t o  successfully launch TIROS I1 and 111. An ear ly version of t h i s  

rocket, the Thor-Able 11, u t i l i z i n g  basically the same propulsive un i t s  

but d i f f e ren t  guidance and sequencing, was used fo r  the TIROS I launch. 

This vehicle  h r s  plrced the TIROS' i n t o  nominal 400 n.m. nearly-circular 

o r b i t s  of 100-minute periods and 48 degrees inclination. 

srrmrmrizes the o r b i t  charac te r i s t ics  of the three launches. 

Table I V  

The t W 8 t i S t i C S  f o r  the Thor-Delta launch vehicle a r e  tabulated i n  

Table V. A t  launch the rocket etands 92 f t .  high, is of about 8 f t .  

diameter and has a l i f t -o f f  weight of rbout 112,000 pounds. The per- 

form.nce of the  Thor-Delta h8s been excellent -- f i v e  of the six vehicles were 

successfully f i red.  

TABU IV 

Orbit81 Character is t ics  of the TIROS Setellites 

(September 1, 1961) 

Tt!!e711 
384.6 

Incl inat ion 48.39' 48053O 47 . 89' 
Period 99.24 mh. 98.25 m i n o  100.4 r p i a o  

Launch Vehicle mor-Able I1 Thor-Deltr l'hor.De 1 t8 
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6. 

TABfB V 

The Thor-Delta Launch Vehicle 

Stage I Stage I1 Stage 111 

Fuel Lox and Kerosene HDMH and RFNA Solid 

Nominal Thrust ( lbs) 15 0,000 7,500 3,000 

Burning Time (sec) 160 109 40 

Source Douglas 

The D a t a  Acquisition Stat ions 

For a l l  three TIROS there 

(Thor) Aerojet General Allegany B a l -  
(AJ10- 104) l ist ics Lab. 

(X-248) 

have been two data  acquis i t ion s ta t ions,  

one essent ia l ly  on each coast of the  United States.  

ground equipment has been the same throughout the operation, but the type 

of antenna used t o  acquire the data has varied. 

The TIROS-peculiar 

The basic  charac te r i s t ics  of t he  antenna are th8t  it be of about 30 db 

gain a t  240 w: and be t ra inrble .  Despite the  f a c t  thrt 65-foot parabolic 

"dishes", as w e l l  as the General Bronze multiple-helices array,  have been 

used, each of the antennas is capable of automatically tracking the 

satellites a t  the  da ta  transmission frequency. 

i n  use are at  Wallops Island, Virginia, the  s i te  of the NASA small-rocket 

range; and, a t  San Nicholas Island, California, a par t  of the  Pac i f ic  

Missile Range. 

A t  present the two s t a t ions  

The satellite tracking is  done by the Minitrack network of stations; 

the computed o r b i t a l  elements are published by the Space Computing Center 

of NASA. 
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The operation of the s ta t ions  is directed by the TZROS Technical 

Control, a Project  function, located a t  Goddard Space F l ight  Center. 

Since TIROS, because it is a spin-stabil ized body with fixed camcra 

or ientat ion,  can take pictures  only when the cameras are directed toward 

a sun-illuminated area of the earth,  t h i s  Control Center gathers and 

analyzes the data  on a t t i t u d e  of the s a t e l l i t e ,  the power balance, the 

o r b i t a l  elements and the  interest ing weather s i tua t ions  in various areas 

of the ea r th  and computes the programs that the da ta  acquis i t ion sites 

w i l l  use t o  c w n d  the satell i te t o  t ake  pictures  over the acceptable 

areas of the  earth. In  addition, the Center evaluates the performonce 

of the satellite, i n s t i t u t e s  emergency procedures f o r  handling unexpected 

d i f f i c u l t i e s ,  e i t h e r  i n  the s a t e l l i t e  or on the ground. In contrast  t o  

the picture  data, the radiat ion experiments co l l ec t  f u l l  100-minute 

o r b i t s  of da ta  and transmit it on command t o  the ground s t a t ion  without 

special  progrpmning. 

On the average, seven o r b i t s  of data  (about 450 pictures  and seven 

radiat ion tapes) are obtained each 24 hours. 

s t a t ions  is not optimal, -- one acquires f ive  of the seven o r b i t s  and 

there is  some overlap -- but have been dictated by prac t ica l  considera- 

t ions  such as  land areas on which t o  build. 

The Uti l iza t ion  of the  Data 

The locations of the  two 

The data  received from the satell i te are recorded in several formats 

a t  the ground s ta t ions.  

ing" parameters, such as voltages, currents, positions, e tc .  which measure tfr 

The te1ewtx-y data which handles a l l  the'bousekeep- 

performonce of the instrumentation, are recorded on s t r i p  char t s  i n  analog form 
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f o r  inmediate analysis.  

one magnetic tape and two as pictures.  

are recorded on high f i d e l i t y  magnetic tape. 

GSFC f o r  processing and archival  purposes. 

The geophysical data are recorded i n  two formats, 

Both the picture  and radiat ion data 

These tapes are shipped t o  

For irrmediate operational use a t  the s ta t ion ,  the p ic ture  data are 

recorded on 35 nm f i lm by means of a photo-kinescope. 

rapidly processed a t  the s t a t ion  and teame of meteorologists, by projecting 

the p ic tures  on rough latitude-longitude grids,  which are machine-computed 

right a t  the  s ta t ions ,  are able  t o  prepare nephanalyses of the areas photo- 

graphed by the satellite. These nephanalyses are prepared i n  a format fo r  

facsimile transmission so that within three t o  six hours a f t e r  a satellite 

pass the "fax" nephanalyses are transmitted t o  the National Weather Center 

a t  Suitland, Maryland, and thence, over the nat ional  weather communication 

c i r c u i t s  t o  the f i e l d  users of meteorological data. 

in te rva ls  these nephanalyses of limited areas of the ear th  appear a t  a l l  

major Weather Bureau s ta t ions  throughout the country, on ships a t  sea, 

and a t  many of the U.S. Mili tary ins ta l la t ions  around the world. 

This fi lm s t r i p  is 

Within these time 

The or ig ina l  film containing the pictures i s  returned by mail t o  the 

Naval Photographic Center i n  Washington, where i t  is  processed and posi t ive 

and negative copies are made and dis t r ibuted t o  a l l  research users of the 

data. 

Center i n  Asheville, North Carolina, from which Center 100-foot s t r i p  copies 

may now be purchased. 

After  gridding, the master film i s  sent  t o  National Weather records 

The radiation tapes are mailed to  GSFC where they are processed i n  a 
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9 .  

two-step procedure; f i r s t ,  t o  a d i g i t a l  magnetic tape format which contains 

the r a w  radiat ion information as a function of t i m e ;  then, by mating t h i s  

tape with a similar tape containing the o rb i t a l  elements and with C a l i -  

brat ion and a t t i t u d e  data, t o  a f i n a l  meteorological radiat ion tape (again 

i n  a binary format) which is  the basic method of publication of the data. 

From t h i s  tape, by means of appropriate computer programs and pr intout  

equipment, tabulations,  g r id  p r in t s  and contour maps on various scales  may 

be obtained. F i f t y  selected o rb i t s  of TIRW If radiat ion data  i n  the form 

of 1 i n  6 mill ion a d  1 i n  30 mill ion grid-prints are now i n  publication 

as a NASA Technical Report. 

The e n t i r e  processing is  an outstanding example of the complexities 

and the amount of work involved i n  handling the huge volume of data obtained 

by the meteorological satellite. 

accounts of the radiat ion data reduction. 

References (7b) and ( 9 )  give detai led 
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RESULTS OF THE TIROS EXPERIMENTS 

There have been a number of interest ing technological r e s u l t s  from 

the TIROS satellites -- the  coupling between the ea r th ' s  magnetic moment 

and t h a t  of the satellite ( 8 ) ,  the long term operation of bearings i n  the 

hard vacuum of space, etc. (10); but,  t h i s  paper w i l l  be concerned with the 

geophysical r e su l t s .  

(a) the operational use of the  picture  data i n  meteorology; (b) the  research 

use of the p ic ture  data i n  meteorology and geophysics; and, (c) the research 

use of the radiat ion data. 

possible i n  t h i s  paper. 

(7, 10, 11, 12) and i f  the quantity of data being col lected i s  any measure, 

much more w i l l  be published. 

The r e s u l t s  may be grouped i n t o  three classes: 

Only limited examples of each group w i l l  be 

Much has been published o r  i s  i n  publication 

An example of one of the operational nephanalyses produced by the 

TIROS satellite i s  sham i n  Figure 3. 

The pic tures  taken by the satellite were projected one by one on 

lati tude-longitude gr ids  of the areas photographed after ident i f ica t ion  of 

the cloud types and charac te r i s t ics ,  standard symbols were marked on the 

map and the boundaries of the cloud systems and the satellite coverage 

noted. 

and south t o  Colombia has been brought under observation. 

f igure (4) i s  an example of one of the roughly 200 photographs used t o  

produce the  nephanalyses of Figure 3. 

The area from West Africa t o  Western United S ta t e s ,  north to  Canada 

The following 

A good example of the value of the nephanalyses is shown i n  Figure 5 
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wherein the TIROS 111 w a s  tracking Hurricane Anna. And, i n  Figure 6, one 

of the photographs used i n  the July 21st nephanalysis is  shown. 

Whereas the nephanalyses are largely produced a t  the data acquis i t ion 

sites, the research use of the  pictures  for meteorology and geophofcs 

is done i n  the more le i sure ly  atmosphere of the laboratory. 

of special  events and phenomena such as the Benard-cell-like cloud forms 

over the Pac i f i c ,  the cloud s t ructure  of an occluded cyclone, mountain 

clouds, the  in tens i ty ,  s i z e  and d is t r ibu t ion  of northern and southern 

hemisphere cyclones, the d is t r ibu t ion  of mountain snow, ice formations and 

flow i n  the S t .  Lawrence estuary,  and the var ia t ions i n  coloration of the 

land surface,  the g l i n t  from the sea -- may a l l  be conducted (13). 

7 ,  8, 9 and 10 are examples of these observations. 

Here the study 

Figures 

The re f lec ted  and emitted electromagnetic radiat ion measurements 

which are b r i e f l y  designated as radiation measurements i n  the following 

text seem t o  be the most s ign i f icant  data being acquired by the satellites. 

The reduction of the data t o  a format from which they can be readi ly  as- 

similated and studied has been qui te  d i f f i c u l t  (7b), but i s  now becoming 

somewhat routine.  A t  present, only a f i f ty -orb i t  sample of the TIROS I1 

data have been processed t o  gr id-pr ints  and pr intouts  t h a t  permit analysis  

and interpretat ion.  

Despite the d i f f i c u l t y  of precise,  absolute radiometric measurements, 

even i n  the laboratory, the TIROS I1 and I11 experiments have sham tha t  

s ign i f icant  measurements can be made from the satellite. 

Orbit 88, taken on November 29, 1960 over the At lan t ic  Ocean and North 

The data  from 
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Africa are shown i n  Figures 12, 13, 14, 15 and 16 with the surface weather 

char t  nephanalysis shown i n  Figure 11. 

scanning radiometer are given i n  these figures which are described b r i e f ly  

i n  the legend t o  each. 

Only the data from the five-channel 

Some general comPents about the group are pertinent.  The values of 

radiat ion received a t  the satellite from the area on the map are given i n  

w a t t s  per square meter. 

pass over the area w a s  obtained by conventional techniques since TIROS I1 

cloud photographs of the area w e r e  not available (Figure 11). 

system extended from Ireland over the ocean toward the southwest. 

large areas of the ocean, French West Africa and Algeria, no cloud data  (NCD) 

w e r e  avai lab le. 

The weather system a t  the t i m e  of the satellite 

A f ron ta l  

Over 

coNcLus1oNs 

There are available from the  TIROS meteorological satellites a tremen- 

dous range of new geophysical data. 

perimenters involved is  the task of adequately s i f t i n g  through the vast 

quant i t ies  of photographs and maps t o  make sense of them; t o  f ind the pat terns  

and the continuity which permit one to deduce and t o  relate the new information 

t o  the present theories and concepts. 

The major problem confronting the ex- 

It is  a sizeable task, but probably the only p rac t i ca l  means by which 

the atmosphere as a global phenomena w i l l  be brought within man's under- 

standing. 
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FIGURE 1: 

FIGURE 2: 

FIGUBE 3: 

FIGURE 4: 

FIGUBBS AND LEGENDS 

The TIROS S a t e l l i t e  and Its Major Components. 

The base p l a t e  with the TV camera lenses, projecting downward 
among the antennas and topped by the "hat", covered with solar  
c e l l s ,  i s  readi ly  ident i f ied.  I n  the lower l e f t  i s  a vidicon 
camera with lens - i n  the front center is the video tape record 
fo r  storage of the camera pictures. 
br ight  d i scs  ident i fy  the five-channel scan radiometer. The 
other components are beacons, control c i r cu i t s ,  diplexer and 
switches a l l  mounted on the base plate .  

In the l e f t  rear the f ive  

The Radiation Subsystem of the T I R S  S a t e l l i t e .  

The 100 minute tape recorder i s  show i n  the l e f t  rear with the 
De/DC converter deck i n  f ront .  Front center i s  the electronics  
deck containing the seven-channel telemetry and the tuning-fork 
clock fo r  keeping t i m e  i n  the satellite. 
i s  r igh t  f ront .  
pressurized can. 

The 235 mc transmitter 
A l l  components and decks are mounted i n  the 

The TIROS I11 Nephanalyses for  July 18, 1961 Over the Atlantic- 
from Seven Orbits. 

The standard meteorological cloud symbols have been used and are 
i n  the legend i n  the lower l e f t .  The boundaries of satellite 
coverage are shown by heavy l i n e s ,  the cloud boundaries are 
l igh ter .  A vortex w a s  v i s ib l e  and is  indicated of f  the West 
coast  of Africa.  The eastern United S ta t e s  iscowered with a 
heavy overcast. 
tongues of clouds and clear areas indicate  a circulat ion pat tern.  
Broken cloud pat terns  cover the major Caribbean is lands,  while 
the water areas are clear. Much of the area is not  under the 
observation afforded by the s a t e l l i t e .  

I n  many areas, such as over the Yucatan peninsula, 

An Example of Cloud Photographs Used t o  Produce Nephanalyses Like 
Figure 3. 

Shown is  the West coast  of Africa between Cape Blanco a t  the top 
r i g h t  and Dakar a t  the bottom center. 
water is  covered with broken, cumuliform clouds. 

The area out over the 
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F i m r e s  and Legends (Continued) 

FIGURE 5: 

FIGURE 6: 

FIGURE 7: 

FIGURE 8: 

FIGURE 9: 

Successive Nephanalyses from TIROS 111 of the Caribbean Area 
and Hurricane Anna, Ju ly  20 throuph 23, 1961. 

The upper left frame shows the vortex off Venezuela and the 
photograph that w a s  used to ident i fy  it and the cloud cover of the  
surrounding area, I n  the upper r i g h t  frame the hurricane is 
more centered i n  the s a t e l l i t e  pass and the  vortex has moved 
about seven degrees due w e s t  i n  one day. 
Ju ly  22nd and Ju ly  23rd indicate the  hurricane moving toward 
Honduras and diss ipat ing over the land. The hurricane w a s  not 
noticed on the  nephanalyses of Figure 3 taken on Ju ly  18, two 
days before it appeared on O r b i t  117 photographs. 

The lower frame, taken 

Hurricane Anna on July 21. 1961: 

The hurricane is  shown off the coasts  of Venezuela and Colombia, 
which run across the p ic ture  from lower r igh t  t o  upper l e f t .  
The Lake Maracaibo i n  Venezuela may be discerned i n  the lower 
center of the photograph. 
v i s i b l e  a t  t h i s  time, but  the c i rcu la t ion  pa t te rn  is. 

The eye of the  hurricane i s  not  

TIROS I11 Photograph of Florida. 

Well-developed convective cumulus clouds covering the land areas 
may be ident i f ied  by t h e i r  brightness, 
east-west lies out over the Gulf of Mexico t o  the  w e s t  of Tampa, 
Florida. 

A squal l  l i n e  running 

The Iber ian Peninsula and the S t r a i t s  of Gibralter.  Ju ly  15, 1961. 

A br ight  cloud bank lies over the Pyrenees Mountains. 
top of the picture  may be seen the c i r cu la r  pa t te rn  of a cy- 
c lonic  storm i n  the  North Atlantic.  

A t  the  

The Sahara Desert of North Africa and the Gulf of Sidra.  O f f  Libya. 

This i s  a dramatic view of the deser t  coloration so often ob- 
served. The Oasis of Kufra, a plateau area of Libya, i s  the 
dark patch on the r igh t  center of the picture.  

FIGURE 10: A TIROS 111-Located Tropical Storm Named Liza. 

This example of a storm from an area of no weather repor t s  lies 
w e s t  of Lower California.  TLBOS I11 located the center on Ju ly  
19, 1961 a t  25% and 123%. 
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Figures and Legends (Continued): 

FIGURE 11: 

FIGURE 12: 

FIGURE 13: 

FIGURE 14: 

A Nephanalysis from Surface Weather Data on TIROS I1 Orbit 88, 
Over the Atlant ic  Ocean and North Africa. 

The sub-sa te l l i t e  path i s  the heavy dashed l i n e  through the 
center of the figure.  The boundaries of coverage by the five- 
channel radiometer are defined by the heavy shaded areas. The 
satellite made measurements within t h i s  e n t i r e  area. No cloud 
data  (NCD) were available over large areas (see text) .  

TI= I1 Scanning Radiometer Water Vapor Channel a t  6.0 - 6.5 
Microns. Orbit  88. 

The narrow spectral  band and the low energies avai lable  make 
the precision of the absolute values of radiat ion poorer than 
on other channels. 
the "hot" region over Spanish West Africa are 253%. 
c a l  meaning of t h i s  region, which is  not apparent on other 
channels, i s  not clear. 

The corresponding blackbody temperatures of 
The physi- 

TIROS If Scanning Radiometer Atmospheric Window Channel a t  
8 t o  12 Microns, Orbit 88. 

This channel has yielded the most accurste and readily-interpreted 
resu l t s .  The l o w  values of radiation, W = 13 w a t t s  per square 
meter, equivalent t o  a blackbody temperature of 223%, are iden- 
t i f i e d  with the high cloudy area associated with the f ront  and 
storm centgr out  over the Atlant ic  - t o  the l e f t .  
of 240% (W - 20) were observed qui te  of ten - the maximum 
temperature w a s  293% over the desert .  
(clouds ??) over the A t l a s  Mountains. 
mate the heights of the clouds from these data! 

Temperatures 

Notice the cold region 
It i s  possible t o  esti- 

'TIROS I1 Scanning Radiometer. Albedo Channel a t  0.2 t o  6.0 
Microns. Orbit  88.  

This  ref lected so la r  energy map appears very of ten l ike the re- 
verse of the window o r  the thermal  channel. High cloudiness 
is br ight ,  so clouds w i l l  r e f l ec t  less so lar  energy, unless the 
surface albedo is high, as i t  is over the desert .  Thus, the 
maps by themselves may lead to erroneous conclusions. 
channel is sens i t ive  t o  solar elevation angle, so computation 
of the values of albedo fo r  the various surfaces i s  d i f f i c u l t .  

This 

The clear br ight  area over the Sahara (on 
of 28 percent, whereas, the Moroccan area 
6 percent, suggesting sore vegetation. 

r igh t )  has an albedo 
has a low albedo of 
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Figures and Upends (Continued): 

FIGURE 15: TIROS 11 Scanning Radiometer Thermal Channel a t  8 t o  30 Microns, 
Orbit 88. 

The thermal map i s  quite s i m i l a r  t o  t ha t  from the window (Figure 13). 
The maximum temperatures were about 15OC lower than those of Chan- 
ne l  2, suggesting tha t  the radiation is  emanating from higher 
levels  of the atmosphere. The area t o  the w e s t  of Iber ia ,  which 
w a s  br ight  (42 percent albedo) i n  the albedo channel, i s  only 
s l i gh t ly  cooler than the surrounding regions, indicating a 
low cloud deck. 

FIGURE 16: TIROS I1 Scanning Radiometer Narrow-Band Visible Channel a t  
0.55 t o  0.75  Microns, Orbit 88. 

These data are of poorer quali ty with no strongly ident i f iab le  
pat tern tha t  can be associated with the other channels. It is  
probably much more susceptible t o  so la r  elevation angle cor- 
rections.  
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FIGLTE 1: The TIRCS S a t e l l i t e  and I ts  Piaior Components. 
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FIGURE 4: An Example of Cloud Photographs Used to Produce Xcphanalyses Like  
Figure 3 .  
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FIGURE 6: Hurricane Anna on J u l y  21, 1961 
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FIGUXE 8: The Ibe r i an  P e n i n s u l = :  3 1 1 d  the St ra i t s  o f  Gibralter,  July 15, 1961. 
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FIGURE 9: The Sahara  Desert of Xol-th Africa and the G u l f  or' S i d r a ,  O f f  Libya. 
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FIGURE 10: A TIROS III-Located Tropical Storm Naned Liza. 
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